In multi-hop wireless networks, transmission control protocol (TCP) suffers from performance deterioration due to poor wireless channel characteristics. Earlier studies have shown that the small TCP acknowledgments consume as much wireless resources as the long TCP data packets. Moreover, generating an acknowledgment (ACK) for each incoming data packet reduces the performance of TCP. The main factor affecting TCP performance in multi-hop wireless networks is the contention and collision between ACK and data packets that share the same path. Thus, lowering the number of ACKs using the delayed acknowledgment option defined in IETF RFC 1122 will improve TCP performance. However, large cumulative ACKs will induce packet loss due to retransmission time-out at the sender side of TCP. Motivated by this understanding, we propose a new TCP receiver with an adaptive delayed ACK strategy to improve TCP performance in multi-hop wireless networks. Extensive simulations have been done to prove and evaluate our strategy over different topologies. The simulation results demonstrate that our strategy can improve TCP performance significantly.
Introduction
The multi-hop Ad hoc network is becoming a prominent topic in wireless communications. This network is a complex distributed system that can be freely and dynamically organized. Recently, the emergence of new techniques, such as Bluetooth, and IEEE 802.11, is making possible the deployment of multi-hop wireless networks for commercial purposes. As the technology of ad hoc networks evolves more and more, supporting transport control by these networks seems a challenging issue.
Transmission control protocol (TCP) [1] was primarily designed for wired networks to provide reliable end-to-end connection over unreliable networks. TCP is the most widely used reliable transport protocol over the Internet applications including WWW (HTTP), File transfer (FTP), email (SMTP) and remote access (Telnet) traffic. In theory, TCP should be independent of the underlying technology and it should not matter whether it is running over wired or wireless connections. In practice, TCP suffers a significant degradation in performance over wireless networks because the assumptions behind TCP are specific to wired networks and do not hold in a wireless environment. Ignoring wireless characteristics can lead to poor TCP performance [2] [3] [4] [5] . In wired networks, buffer overflow is the main reason for most packet loss. When a packet is detected to be lost, TCP slows down the sending rate by adjusting its congestion window (cwnd). Unfortunately, wireless networks suffer from other types of losses that are not related to buffer congestion, which makes TCP unadapted for wireless environments. The factors that may affect TCP performance in multi-hop wireless networks are:
-Medium access contention complicated by hidden and exposed terminal problems. -Route failures caused by node mobility. -Unpredictable channel errors.
Numerous enhancements and optimizations have been proposed to help TCP survive in such an environment. Earlier studies have shown that the interference and collision between data and ACK packets, which are caused by sharing the same route, increase with the number of ACKs generated [5] [6] [7] [8] . Moreover, generating ACKs wastes wireless resources. Although ACKs are essential to provide reliability, generating more ACKs than necessary is not desirable in wireless networks. Ideally, the receiver should generate the minimal number of ACKs required for reliable data recovery [6] . In the conventional TCP, the receiver generates one ACK for each data packet received. With the standard delayed ACK option [9] , TCP can generate one ACK for two in-order data packets. Although this mechanism works well in wired networks,it can be further improved in multi-hop wireless networks. This paper presents an adaptive delay ACK strategy for decreasing the contention as much as possible. This is achieved by dynamically adjusting the TCP receiver delay window to the appropriate value based on the channel condition.
The rest of this paper is organized as follows. The background and related previous work are presented in Sect. 2. The impact of the ACK delay window on TCP performance is discussed in Sect. 3. Then we proposed our adaptive delayed ACK scheme in Sect. 4. The simulation and evaluation results of our scheme over various network topologies are presented in Sect. 5. Finally, we conclude our work in Sect. 6.
Background and Related Works
The standard TCP adapts its congestion window when packet loss occurs, assuming that the loss is caused due to buffer overflow. This is true in wired networks, however, in multi-hop
